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A field and laboratory investigation was carried out to collect 
background data for stream water quality in the New Lead Belt of 
Southeastern Missouri. The pu-ameters measured were temperature, 
hydrogen ion concentration, hardness, alkalinity, turbidity and fluo-
rides. A prolific algal and microbial growth was found in Bee Fork 
Creek which receives the mining and milling wastewater effluent from 
the Fletcher Mine. The laboratory studies were conducted to examine 
the biological effects of the organic flotation reagents used in the 
mining operations. The studies included Gram staining of bacteria, 
antimicrobial effects of milling reagents, bacterial fermentation 
tests of sodium isopropyl xanthate and algal growth tests. A spectro-
photometric method was conducted to detect and study sodium isopropyl 
xanthate by using a Hitachi Perkin-Elmer UV-VIS spectrophotometer 
model 139. A bioassay study was also conducted with bluegill sunfish 
(Lepomis ma.crochirus, Rafinesque). The organic flotation reagents 
employed in the biological effect and bioassay studies were sodium 
isopropyl xanthate (Aero-xanthate 343), isopropyl ethyldi thioca.rba.mate 
(Z-200) and mixed alcohols (F.rother-71). 
Characterization of stream water indicated that mine water 
represented the major stream constituents for small streams receiving 
mine waste water. The slightly basic mine water also helped to 
precipitate heavy metals in the milling discharges. A biological 
study of the organic flotation reagents did not concisely relate any 
one particular organic compound solely to the algal growth. Results 
from the bioassay study indicated that all three organic flotation 
iii 
reagents tested were toxic to bluegill sunfish Lepomis macrochirus. 
The spectrophotometric study indicated that the milling reagent 
sodium isopropyl xanthate would undergo rapid decomposition in a nat-
ural environment. Benzene, toluene, chloroform and hexane were not 
found to be suitable solvents for the extraction of sodium isopropyl 
xanthate :from water. Sodium isopropyl xanthate in a water solution 
had its maximum absorbance at 303 millimicrons wavelength. Recommen-
dations for future studies were made with respect to the effects of 
lead~zinc mining effluents discharged into streams in the "New Lead 
Belt 11 • 
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I. INTRODUCTION 
\later is essential to all life on earth and has long been 
recognized as the life-blood of socio-economic development. In 
the past, water was so plentiful that it was not conserved and 
received little attention. With the expansion of world population 
and man's increased standard of living the accompanying demand for 
water has brought about a renewed interest in water planning all 
over the world. In the heavily industrialized environment of the 
United States of America, people have realized that the successful 
conservation of natural water quality is one of the more effective 
means of securing water for increased demands. With the proper 
attention to effective pollution abatement programs the same water 
can be used repeatedly. 
In the United States, it has been estimated that the demand for 
usable water would reach about 888 billion gallons a day by the year 
2000, which would represent a projected increase to 81 percent of the 
total available water resources (1). A close look at the Nation's 
water resources by the U. S, Congress has revealed that, "~'later 
1 
problems exist in all parts of the United States • • • the problems are 
becoming more acute and wide-spread as population and industry grow." 
(2). Therefore, adequate measures must be adopted to deal with pollution 
situations that can now be predicted, to make sure that a shortage of 
usable water will not block the future destiny of the Nation. 
Since water availability and use are not uniformly distributed, 
water problems will vary from place to place. The mining industry is 
one of the principal industries which must be considered in the pro-
tection of water quality. It has been estimated that by the year 
2000, the mining industry will withdraw 3.4 billion gallons of water 
daily and return 2.7 billion gallons daily to streams with the water 
quality affected in some manner (3). 
In the pa.st, stream pollution due to many mining industries was 
noted by the discharge of unsettled ore-washing water which was laden 
with suspended matter and vast quantities of broken rock that tended 
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to silt up the river bed, kill the fish and destroy the stream vege-
tation. Acid mine drainage, which resulted from coal mining or the 
dissolving of oxidation products and the existence of chalybeate and 
sulphate in mines, was one of the most serious problems and received 
widespread public attention (4, 5). A method for proper neutralization 
by using lime following the sedimentation was found to be satisfactory. 
In the early 1920's, a series of research projects carried out in the 
lead-zinc mining districts of Wales reported that heavy metals could 
cause a persistent pollution problem. Even though the mining industry 
had been derelict for nearly 40 years, the rivers remained barren 
and were completely devoid of vegetation and fish, with only a limited 
number of insects surviving (6). The mining and milling industries in 
Europe have recently become concerned with the characteristics of the 
flotation reagents used in their process (?). Aesthetic characteristics 
such as taste, odor and toxic effects were the subjects studied. How-
ever, the possible effects of the mixed chemicals present in mine tail-
ings to the natural environment were found to vary from one source to 
another; this was due chiefly to the various methods of use, This 
variance suggested that no one stream abatement program should be 
generally applied to the mining industry. However, studies in mining 
areas, now being developed, may be used to protect water quality in 
streams effected by the mining industry. 
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Since 1907, Missouri has been the leading state in lead-zinc 
production and has helped rank the United States as one of the leading 
lead-zinc prcxlucing countries of the world, The peak output in 1965 
amounted to 133,521 tons of lead, valued at $41,658,552, which was 
close to 44 percent of the Nation's domestic mine output (8), The 
discovery of rich lead deposits near Viburnum, Missouri, in 1955, by 
the St. Joseph Lead Company, resulted in a new lead exploration rush. 
···l§y 1962 the extent of the lead ore discovery in Southeast Missouri had 
been established and a rich ore belt, ranging in width :from a few 
hundred yards to more than 2 miles, was found to extend for some 40 
miles almost due south from Viburnum through Iron and Reynolds Counties. 
The name given to the new ore district was the '~iburnum Trend" or the 
''New Lead Belt", The significance of the new mining district was 
reflected in the United States Bureau of Mines report ( 9) that the 
"New Lead Belt" will have the capacity for producing over 350,000 short 
tons of lead metal annually, which will make Southeastern Missouri the 
leading lead-prcxlucing district in the world. 
The development of this mining district is expected to affect 
the streams receiving mining and milling wastewaters. These streams 
were all confined to the Black River drainage basin where the rolling 
Ozark landscape was covered mostly with forests. Meager agricultural 
use and sparse po:pulation have helped to keep the streams relatively 
unpolluted until the present time. The first mine and mill started 
production in 1967 and a local pollution problem was found in a stream 
receiving wastewater. By the summer of 1969, one lead smelter and four 
mines were in production with one additonal new lead mine under con-
struction. It has been predicted that the development of additional 
industrialization may intensify the pollution problems of local streams 
if corrective step:; are not taken. 
The economic importance of the mining district as well as the 
need for preservation of recreation areas and water resources has caused 
the mining companies and other groups to work together on stream pollu-
tion problems. It was proposed that a research project (10) be initiated 
with the first year studies to collect background data and investigate 
the initial shock of industrialization of the stream environment. The 
mine water drainage and the operation of lead-zinc and copper flotation 
processes was found to cause a stream pollution problem. i'lixson (11) 
pointed out after his first year of study that in the Bee Fork stream, 
which received mine wastewater, an environment completely different 
from unpolluted control streams developed. The stream bottom was 
covered entirely by a thick growth of algal mats which contained 
large populations of aquatic organisms. The main part of the growth 
was fotmd to be the blue-green algae C5cillatoria (Figure 1). 
The present thesis compliments prior research work w1 th studies 
directed toward the following specified objectives s 
1. To correlate stream water quality with the unpolluted or the 
initial background survey of strea.ms in the study area. 
2. To investigate the possible pollutional effect of the organic 
flotation reagents on stream environments and aquatic life. 

Figure 1. Elccess growth of the blue-green a.lga.e 
Osoillatoria due to mining wastewater 
in Bee Fork Creek. 
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3 ~ To develop a working technique for detecting the organic 
flotation reagent - Sodium isopropyl xanthate. 
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In order to achieve the proposed objectives, field and laboratory 
studies were carried out. Special attention was directed to Bee Fork 
Creek, the first stream affected, which may serve as an indicator of 
future environmental changes due to the development of additional mines. 
Sampling stations were established along other streams throughout the 
Viburnum Trend. 
Field work performed included r collection of stream water and 
biotic samples, observations on the general stream environmental con-
dition and aesthetic condition of the stream bottom, measurement of a 
pertinent, selected pn-ameter such as stream water temperature. Studies 
and analysis performed in the laboratory consisted of 1 characterization 
of physical and chemical properties of the stream water by determina-
tion of turbidity, alkalinity, hydrogen ion concentration, hardness, and 
fluorides, examination of the biological effect of organic flotation 
reagents, acute toxicity studies on organic flotation reagents w1. th blue-
gill sunfish, Lepomis rnacrochirus, Rafinesque. 
The organic milling notation reagents studied were sodium isopropyl 
xa.ntha te (Aero-xanthate 34 3), diethyl di thiocarbamate (Z-200) and mixed 
alcohols containing 6 to 9 carbons ( Frother-71 ) • Based on the results 
of biologic effect studies diethyl dithiocarba.ma.te and mixed alcohols 
were found to be a.ntimicrobiological reagents, therefore, only sodium 
isopropyl xanthate was analyzed by spectrophotometric studies. 
II. THE AREA OF STUDY 
This research study was carried out in the area of ?1i.ssouri 
bordered on the north side by Highway 32 in Iron County, and the 
west, south, and east sides by the Reynolds County boundary. The 
area is largely located within the boundary of the Clark National 
Forest. The 1960 Missouri census (12) recorded that Iron County had 
a population of 8,041 and Reynolds County had a population of 5, 161, 
which was less than seven people per square mile or about one tenth 
of the state average at that time. The county is densely covered 
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with oaks and shortleaf pines except for the cleared area around the 
mines and a few :farms, More than 2,000 species of plants, and about 
700 species of animals, birds, reptiles, amphibians and fishes inhabit 
the region (13). 
The climate of the area is moderate w1 th mild winters and humid 
summers. Annual precipitation is approximately 40 to 44 inches and the 
annual runoff is approximately 14 to 16 inches (8), 
The regional age of the area is one of maturity. Stream valleys 
are well developed, wide, and sepu:a.ted by narrow divides of steep 
ridges. Streams are shallow, swift flowing am clean. During the 
dry season or at low now the stream may now completely beneath 
gravel in the stream beds (14), The geologic structure of the area 
is simple. There are few faults, and there is little loss of surface 
runoff or stream-flow through seepage (15 ). Figure 2 shows the 
general location of the study. 
The area studied is a part of the Black River Basin. All water 
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Figure 2. General location of the study in the 




collected in this basin flows into Clearwater Reservoir in the south-
eastern corner of the state of Hissouri,. Because of the unusual topog-
raphy of this district, each stream is separated from the other in the 
area. This separation of basins means that a given stream will not 
receive the waste products from more than one mine. Figure 3 indicates 
this separation of stream basins and location of the mines. 
A. Neals Creek 
Neals Creek originates approximately one half mile south of Bixby, 
Missouri, and flows southeast for about eight miles until it intersects 
Strother Creek. Flow measurements at several points are presented in 
Table I. A joint operation about two miles north of Buick, Missouri, 
was started by Cove Barium Corporation1 and Montana Phosphate Company2. 
The capacity of the mine, or Magmont Project, is 70,000 tons of refined 
lead ore per year, Development costs were estimated at 18 • .5 million 
dollars (16). The mine and flotation mills started production in June 
1968 (1.5 ). 
B. Strother Creek 
Strother Creek starts on the east side of Buick and runs eastward. 
The creek flows into Middle Fork Stream after some 12 miles of travel. 
The flow data for this stream is also presented in Table I. Wastewater 
or mining drainage f'rom the Missouri Lead Operating Company, a joint 
derivative of American Metals Climax, Inc) and Homestake Mining Company4, 
1· Magnet Cove Barium Corporation, P. 0. Box 65o4, Houston, Texas. (1967) 
2. Montana Phosphate Products Company, Carrison, Hontana. (1967) 
3. Homestake lo1ining Company, 100 Bush Street, San Francisco 4, 
California. (1967) 
4. American Metals Climax, Inc., 1270 Avenue of the Americas, New York 
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Figure 3. Location of stream basins, mines and sampling sites 
in ''New Lead Belt" of Southeastern Missouri. 
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Table I. Stream F'low Characteristics of the Study Area (15, 17, 19) 
1 Date of Stream Flow L~cation of Measurement 11easurement cfs 
Logan Creek 
31 - 2111 - 13S 17 - 10 - 68 0,17 
14 - 1 - 69 2.5 
8 - 4- 69 8.44 
15 - 7 - 69 0,11 
30 - 2W ~ 2SE 17 - 10 - 68 4,9 
14 - 1 - 69 13.7 
8 - 4- 69 35.6 
15 - 7 - 69 25.5 
Bee Fork Creek 
32 - 2W - 25NE 10 - 8 - 66 1.54 
17 - 10 - 68 2.1 
14 - 1 - 69 5.5 
8 - 4- 69 13.0 
15 - 7 - 69 0,34 
29 - 10 - 69 1.50 
32 - lW - 30N 10 - 8 - 66 2,66 
17 - 10 - 68 17. 
14 - 1 - 69 16.9 
8 - 4- 69 28.9 
15 - 7 - 69 10.7 
29 - 10 - 69 10.7 
West Fork Hollow 
32 - lW - 29N 17 - 10 - 68 36.9 
Brushy Creek 
33 - lW - 16NW 16 - 1 - 69 2,6 
9 - 4- 69 32.4 
15 - 7 - 69 0.52 
29 - 10 - 69 0,57 
Strother Creek 
33 - lW - 4NE 17 - 10 - 68 12,4 
16 - 1 - 69 13.1 
9 - 4- 69 12.9 
15 - 7 - 69 10.2 
29 - 10 - 69 9.1 
Neals Creek 
34 - lW - 16SE 17 - 10 - 68 4.2 
16 - 1 - 69 9.3 
9 - 4 - 69 27.1 
14 - 7 - 69 2.22 
28 - 10 - 69 2,80 
Middle Fork 
34 - lE - 32ffl'l 17 - 10 - 68 3.0 
Middle Fork Black River 
33 - lE - 28NE 17 - 10 - 68 30,0 
1, For a detailed description of the sampling sites refer to 
Table III. 
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has been discharged since March of 1968. It has been estimated that 
some 10,000 gallons per minute are discharged at present (15). The 
Buick plant includes a mine and concentration mill with a capacity for 
50,000 tons of refined lead ore per year, and a nearby lead smelter 
with a capacity of 100,000 tons of refined lead per year. Development 
cost has been estimated at 35 million dollars (16). 
C. Brushy Creek 
Brushy Creek is one of the creeks in the study area which originally 
was not to have been effected by the mining industry. The stream mean-
ders and flows into the Black River near Black, Missouri. A sampling 
station was established near oates, Missouri, to serve as an unpolluted 
control station. 
D. West Fork 
West Fork is one of the streams which presently is unpolluted. 
The creek runs across the Clark National Forest from west to east, 
and enters Black River near Centerville, Missouri. A control station 
was also established on the West Fork. 
E, Logan Creek 
Logan Creek is a tributary of Clearwater lake. The stream runs 
south from its source near Reynolds, Missouri, and then turns toward 
the east plSSing through Ellington, Missouri, before it reaches the 
lake. Sweetwater Creek is one of the tri buta.ries of Logan Creek in 
its upper river basin. Sweetwater Creek flows southeastward approxi-
mately six lliles before it reaches Logan Creek. The flow measurements 
are indicated in Table I. Ozark Lead Compa.nyl constructed a mine and 
1. Ozark Lead Company, P. 0. Box 250, Ellington, Missouri. (1967) 
mill above Sweetwater Creek and started production in June of 1968. 
The plant has been pumping some 500 gallons per minute into a reten-
tion pond above the creek (15). Construction of the mine and mill 
cost around 33 million dollars (16). 
F. Bee Fork Creek 
Bee Fork Creek was the first stream exposed to mining wastewater 
in the study area. From its source, one mile southeast of Bunker, 
Missouri, the stream runs eastward on a bed of sand and gravel for 
approximately 15 miles until it flows into the West Fork-Black River 
some 3 miles above Centerville, Missouri. Its drainage basin covers 
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an area of about 35 square miles. Flow measurements for several points 
are indicated in Table I. 
Before the mining industry began operation, the clean water of 
Bee Fork had served for many years as a natural spawning place for 
game fish of the region. Circular gravel nests of sunfish had often 
been found during the spring and summer season (17). The Fletcher 
1 Plant of St, Joseph Lead Company discharged mine water and mill 
wastewater into the creek during February of 1967, and it was soon 
found to be devoid of spawning game fish and crayfish (17), Since 
Bee Fork was the first stream of the New Lead Belt to receive waste-
water from mining operation, this area was selected for intensive 
study. 
G. Fletcher Plant 
Fletcher Plant is one of the three mining plants in Southeastern 
1. St. Joseph Lead Company, Bonne Terre, Missouri. (1967) 
14 
Missouri owned and opera ted by the St. Joseph Lead ComJWly. The 
construction of the plant began in 196), and ore production was started 
in February 1967 (9). The total investment in the Fletcher Mine was 
approximately 12.5 million dollars (16). The operation included mining 
and milling. The plant has two vertical sha.fts, one shaft for men and 
material transportation as well as ventilation, and the other shaft for 
hoisting ore and ventilation. The ore is mined on two levels at 980 
feet and 1,116 feet (1?). The ore concentration flotation milling 
plant is considered to be one of the most modern plants in the United 
States. The general operation process of this plant has been described 
by Anderson (18). The feed rate of the flotation reagents are controlled 
by a computer which receives information on the ore concentration from 
an X-ray analyzer and adjusts the reagent feed rates accordingly. The 
flotation reagents used comprise a series of organic and inorganic com-
pounds as listed in Table II. 
Fletcher Plant employs over 140 men working in two shifts. The 
plant is able to process 5,000 tons of ore per day or 60,000 tons of 
concentrated lead ore per year (9). 
11ine water is pumped f'rom the Fletcher Plant at the rate of about 
8, 000 gallons per minute to 10, 000 gallons per minute. Part of this 
water is used in the milling flotation process, and the rest serves 
to dilute the milling process effluent. The dilution rate is about one 
part of milling wastewater to four parts of mine water. 
Three thickeners are used to settle out the coarse suspended 
particles of lead, zinc and copper in the milling effluent. The sus-
pernatants are mixed with mine water and then channeled into three 
Table II 
Flotation Reagents Used at the 
Fletcher Plant 
Reagent Purpose 
Sodium Isopropyl Xanthate 1 Collector 
Isopropyl Ethyldithiocarbamate2 Collector 
Mixed Alcohols (6 to 9 carbons )1 Frother 
Zinc Sulfate (ZnS04 )3 Zinc Depressant 
Sodium Cyanide (NaCN)1 Zinc Depressant 
Copper Sulfate 4 (CuS04•5Hz0) Zinc Activant 
Sodium Dichromate (Na2cr2o7 .z~o)5 Lead DepressSJlt 
Sulfur Dioxide (so2 ) Lead Depressant 
Starch6 Lead Depressant 
1. American Cyanamid Comp:my, Wayne, New Jersey 07470 
2. The Dow Chemical Company, Walnut Creek, California 94598 
3. The Sherwin-~~illiams Company, Cleveland, Ohio 44101 
4. Phelps Dodge Refining Corporation, New York, New York 
5. PPG Industries Inc., Chemical Division, Pittsburgh, 
Pennsylvania 15222 
6. Thaiexporters Ltd, Fart., Bangkok, Thailand 
15 
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detention ponds constructed in series. The total area of the 3 ponds is 
approximately 50 acres, and detention time was estimated to be around 850 
hours (17). The mine tailings then flow into Bee Fbrk Creek. Figure 4 
presents a flow-diagram of the mine water at Fletcher Mine and the study 
sampling locations at Bee Fork Creek. 
H. Sampling Stations 
Seventeen sampling stations have been established which isolate 
pollution effects from individual mines and also permit the sampling 
of cumulative effects in the large streams (Figure 3). Control sites 
have also been established on unpolluted streams that have not been 
affected by population increases or industrial develop~.ent. For con-
venience, numbers were assigned to each station. Table III illustrates 
the locations of sampling sites. Pictures of sampling sites are also 
presented in Figures 5 through 20, which show the general environmental 
cond.i tiona of the sampling sites. 
Water samples were also taken at the Fletcher Plant from the surface 
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Figure 4. Schematic flow diagram of mine water used at 









































HW'i B. About 10 miles south 
of WdY 72. 50 yde off HWY B. 
HWY B. About 8 miles south of 
ffilY 72. Under WtlY bridge. 
Ozark Lead Co. tailings • 
HWY B. About 6 miles south of 
HWY 72. Undeli HWY bridge. 
Forest Route 2313. About 1.5 
miles west of HWY 'IT. 
low water bridge on HWY Tl'. 
Forest Route 2313. About 0.7 
miles east of HWY 'IT. 
Forest Route 2313. About 2.4 
miles east of HWY 'IT. 
HWY 21. About 1 mile north of 
Centerville. Under HWY bridge. 
Low water bridge on HWY KK. 
Forest Route 2432. Near Oates. 
Forest Route 2432. About 2.1 
miles north of Oates, Ho. 
Junction of Forest Routes 
2246, 2231 and 2232. About 5.3 
miles north of Oates. 
Forest Route 2246. About 6.3 
miles south of Bixby. 
Forest Route 2246. About 1.2 
miles south of Bixby. 
Low water bridge on HWY 49. 
low water bridge on HWY J. 
Near Black. 
'>,ri 
1. Location expressed as Township-Range-Quadrangle. 
2. Highway abbreviation. 
3. Road closed by owner. 
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Middle Fork Black 
River 
Figure 5. Station 1. On Logan Creek, about 10 miles 
south of Highway 72, 50 yards off Highway B. 
Figure 6. Station 2. On Logan Creek, under bridge 
of Highway B, about 8 miles south of 
Highway 72. 
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Figure 7. Station 4. On Logan Creek, under bridge of 
Highway B, about 6 miles south of Highway 72. 
Figure 8. Station 5. On Bee Fork Creek about 
1. 5 miles west of Highway ~. 
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Figure 9. Station 6. On Bee Fork Creek, low water 
bridge on Highway TT. 
Figure 10. Station 7. On Bee Fork Creek, about 
0. 7 miles east of Highway TT. 
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Figure 11. Station 8. On Bee Fork Creek, about 
2.4 lliles east of Highway TT. 
Figure 12. Station 9. Ck1 West Fork Hollow, under 
bridge of Highway 21. 
Figure 13. Station 10. On West Fork, low water 
bridge on Highway KK. 
Figure 14. Station ll. On Brushy Creek, near 
Oates, Miss our1. 
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Figure 15. Station 12. On Strother Creek, about 
2.1 miles narth of Oa.tes, Missouri. 
Figure 16. Station 13. On Neals Creek about 5.3 
llilea north of Oa.tes , Misaouri. 
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Figure 17. Station 14, On Neal.s Creek, about 6,3 
miles south of Bixby, Missouri. 
Figure 18. Station 15. On Neals Creek about 1,2 
miles south of Bixby, Missouri. 
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Figure 19. Station 16. On Middle Fork, low water 
bridge on Highway 49. 
Figure 20. Station 17. Ch Middle Fork Black River, 
low water bridge on Highway J. 
26 
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III. LITERATURE REVIEVJ 
A. Stream Environment Affected by Lead and Zinc tftning Effluents 
Carpenter (6) studied the effects of lead mining pollution in 
the Aberystwyth district of Cardinganshire, Wales, and found that the 
presence of lead salts in a diffusible form in solution was responsi-
ble for the poverty of the fauna. A rapid increase in the flora and 
fauna of two streams was observed after the cessation of mining and 
washing operations, wherein the diffusible lead had not been restored, 
This stream recovery process was further reported by Kathleen and 
Carpenter (21) as having three ecological phases, directly associated 
with the amount of dissolved lead present~ The establishment of 
Mollusca and fish was observed only after several years had lapsed and 
not even the intermittent presence of dissolved lead could be detected. 
Jones (22) cited that the destructive effect of zinc pollution 
upon river fisheries may be as serious as that caused by lead mining. 
His studies of the Ystwyth River, in Wales, postulated that zinc 
pollution was responsible for the absence of Mollusca and Crustacea. 
Only certain insect species which were tolerant of zinc pollution were 
found. The aggregate results of the experiments reported by Newton 
(23) indicated that, botanically, zinc was a more serious source of 
pollution than lead. 
The effects of heavy metals on fisheries were the major subjects 
of many previous investigators. Most investigators are in agreement 
that the dissolved form of lead a.nd zinc, which forms a precipitate 
on the fish gills, was more toxic than that of insoluble metal gr1 t (21, 
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23, 24). An effluent, with acidity higher than normal, was found to be 
more toxic due to its higher solubility of the metallic salts (22, 24). 
Jones (22) and Newton (23) also pointed out that the low calcium con-
tent of stream water has rendered the metallic pollution more destruc-
tive to fishes. Recently, laboratory studies of sunfish by Handler (17) 
have seemed to confirm the roles of pH and hardness in water polluted by 
lead, zinc and copper. The effects of lead-zinc and copper were found 
to be at least additive (25). 
Studies of sublethal copper-zinc pollution were conducted by 
Sprague (25, 26, 27) in the Northwest Miramichi River, New :Brunswick, 
Canada. The downstream movements of salmon increased between one per-
cent and three percent during the six year period before pollution as 
compared with between 10 percent and 22 percent during four years of 
river pollution. The avoidance by Jligrating adult salmon in their 
spawning period resulted in a heavily decreased population of young 
salmon due to low supply of eggs. 
Shigempro et al. (28) reported on the poisonous effects of mines 
on soil. His studies at Tsushima, Japan, revealed. that soils con-
taminated with zinc and lead in amounts of 2,000 ppm were infertile 
for the growth of wheat. F\trther studies of the Szsu and Shiine Rivers 
in the same district (20) revealed that the river courses were contam-
inated with much more zinc in both water soluble and absorbable forms. 
The absorbable form in saturated, poisoned soil was also inclined to 
be released back into the river. In Japm, Kisuke et al. (30) reported 
that a higher copper contamination in the soil was found even 2? miles 
away from the pollution sources. Copper contamination was further 
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identified in the grain crop:; of this area. Zavodnov et al. (31) pointed 
--
out that environmental changes, a lowering of pH or an increase in the 
mineral content of water, may cause a transfer of copper and zinc from 
the bottom sediments into the water. 
Problems with acid waste from lead-zinc mining were reported by 
Bilharz (4) for the Tri-5tate (Oklahoma, Kansas and l11ssouri) zinc and 
lead mining district. Pollution problems instead of being caused by 
contamination of heavy metals, were simply the result of the products 
of oxidation dissolving and the existence of chalybeate and sulphate, 
which is not necessarily limited to lead-zinc mining. 
Wixson (10) recently pointed. out that "New Lead Belt", a newly 
developing mining district in Southeast Missouri, was an ideal model 
for a pollution study. FUrther studies in this district by Wixson and 
his colleagues (32, 33) revealed that the heavy metal contained in the 
stream water was below the toxic level for the fisheries. However, 
the growth of undesirable bacteria and blue-green algal mats were re-
ported as well as odors in the stream environment (11, 34), which were 
believed due to the presence of a monomolecular surface film composed 
of the flotation reagents used by the mines. 
B, SpectroscopY Analysis of Xanthates 
1, Boc Ultraviolet Spectrophotometer 
Bushell and Malnarich (35) reported on the spectrum of a 
solution of the purified. sodium isopropyl xanthate as determined w1 th 
a Beckman DU Ultraviolet Spectrophotometer. The maximum absorption 
at 301 millimicron wavelength was suggested as a suitable basis for 
quantitative analysis, The linear relationship between concentration 
of sodium, potassium isopropyl xanthate versus optical density at 
)01 millimicrons was obtained. The identical results for the equi-
)0 
molar concentration assumed that the xanthate part of the molecule was 
responsible for the absorption of light. The peak absorption by 
xanthate at 301 millimicrons was also reported by Fhifer (36). Sobue 
and Ogura (37) reviewed the ultraviolet spectra of stable sodium 
cellulose xanthate and concluded that the absorption of thiocarbonyl 
group was responsible for the maximum absorption, However, the peak 
appeared to fluctuate between 301 and 310 millimicrons due to the 
infiuence of by-products and the substituted group of the compound. 
The effect of solvent was studied by using water and 0.1 Normal sodium 
hydroxide solution which indicated no interference, 
Kremer et al. (38) reported on the continuous detection of xan-
--
thate in an aqueous solution. In work with a modified photometer, 
potassium butyl xanthate was used as the experimental reagent w1 th a 
concentration of 40 to 60 grams per liter at 15 to 30 degrees Centi-
grade, The sensitivity of instrument was greater than 1.2 millimicrons 
per gram per liter and the maximum experimental error was found to be 
one gram per liter. Orel et al. (39) determined the potassium butyl 
xanthate residue concentration in a solution by detecting the absorbance 
values at 300 millimicrons. A spectrophotometric curve of absorbance 
versus concentration was constructed by means of a standard solution. 
The method was recommended for concentrations of less than 150 to 200 
milligrams per liter. 
2. IR Spectrophotometer 
Mann (40) in his study on the identification of accelerators 
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and antioxidants in vulcanisates by infrared spectroscopy, presented 
the spectrum of sodium isopropyl xanthate which was undergoing decom-
position during vulcanization at 100 degrees Centigrade. In his work, 
the accelerators and antioxidants were separated chromatographically 
and then identified spectroscopically. 
Ogura and Sobue (41) determined the stretching vibration frequency 
for thiocarbonyl group and c-s1 group by infrared spectrophotometer 
from sodium cellulose xanthate 1 the assigned frequencies were 1235 em -l 
-1 1 2 
and 925 em for the C-6 and c-s groups respectively. The successful 
quantatively determination of sodium cellulose xanthate (42) was obtained 
through infrared spectroscopically in terliLS of thiocarbonyl absorption 
at 1250 cm-1 • 
1. c-s represents carbon sulfur double bond. 
2. c-s represents carbon sulfur single bond. 
IV. ~UIPMENT, MATERIAL AND PROCEDURES 
In order to achieve the proposed objectives of this thesis, 
certain studies were performed. Field work involved the collection 
of water and biota samples, observation of the general stream condi-
tions, and measurements of important parameters such as temperature, 
pH and hardness. 
The studies and analyses carried out in the laboratory comprised 
the determination of physical and chemical characteristics of the 
stream water samples, examination of the biological effects of some 
organic flotation reagents, bioassay studies and the spectrophoto-
metric studies of the flotation reagent sodium isopropyl xanthate, 
A, Stream Water Quality Analyses 
1. Collection of Samples 
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Water sa.aples were collected and transported to the laboratory 
in one liter, amber, polyethelene bottles having a watertight cover. 
The samples were stored in a walk-in refrigerator at 6° C in order to 
prohibit possible changes in the sample quality until a complete anal-
ysis could be performed, 
The sampling bottles were carefully cleaned with a chromic acid 
cleaning solution and rinsed thoroughly with distilled water, Before 
sampling, the bottles were again rinsed three times with the stream 
water at the sampling site, 
The samples were collected at approximately the center of the 
stream flow whenever possible. In shallow streams, the sa.Dlples were 
collected by holding the bottles with the mouth forward and promptly 
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moving it through the water against the direction of flow, In streams 
having a low flow, the bottle was submerged in the water and the water 
sample was allowed to flow into the container, 
2, Anal;ri::ical Procedures 
a. Turbidity 
Stream and settling pond turbidity was measured with a 
1 Model 1860 Hack Laboratory Turbidimeter (Figure 21), which measured 
the intensity of the light reflected by the turbidity suspended in the 
sample. The meter measured turbidity ranging from 0, 02 to 1000 Jack-
son candle units, The large testing cell with a diameter of ?/8 of an 
inch was used as suggested by the instruction ma.nual (43). The tur-
bidi ties of all the stream water samples were found to be lower than a 
hundred units at all times. The disagreement of the results between 
the Hack Turbidimeter and Jackson Candle Turbidimeter were taken into 
consideration during measurement, 
b, Temperature 
The stream water temperature was measured in the field 
by immersing a mercury thermometer in the water for a period of time 
sufficient to permit constant reading. All temperatures were recorded 
in degrees Centigrade, 
c, Hydrogen Ion Concentration 
The measurement of pH was carried out with a Model 9600 
Beckman Zeromatic pH Meter (Figure 22). The instrument was standardized 
every time prior to the measurement by the use of buffer solution having 
a pH of 6,86. 
1, Hach Chemical Company, Ames, Iowa. 
Figure 21. Hach laboratory Turbidimeter Model 1860 
Figure 22. :Beckman Zeromatic pH Meter Model 9600 
d. Alkalini ti: 
Alkalinity was measured by titrating a 50 milliliter 
volume of the sample with 0.02 normal acid to the methyl orange end 
point, equivalent to a pH of 4.5, where the best color change was 
noticed. The volume of acid used in the titration was multiplied by 
20 and expressed as milligrams per liter of calcium carbonate (44). 
e, Total Hardness 
Total hardness was measured following the EDTA ti tra-
metric method as set forth in Standard Methods (44 ). UniVer II was 
selected as being the most suitable indicator for this study, since 
it had the pt"operty of eliminating interferences from large amounts 
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of copper (45). One gram of UniVer II indicator powder1 was added to 
50 millill ters of sample, and the sample was titrated with 0. 02 normal 
standard EDTA solution. The total hardness was calculated by multi-
plying the milliliters of titrant used by 20 and presented as milli-
grams per liter of equivalent calcium carbonate. 
f. Calcium Hardness 
Calcium was also measured by the EDTA titrametric method 
(44). The 0.02 normal sta.nda;rd EDTA solution was pre:rared by dissolving 
3.723 grams of Titriver1 to a volume of 1 liter with distilled water. 
The CalVer II indicator powder1 used was suitable in the presence of 
magnesium (45). A 0.5 milliliter of 8 normal potassium hydroxide 
solution and 0.1 grams of CalVer II indicator powder1 were added to 50 
milliliters sample and titrated with standard EDTA solution. The number 
of milliliters of titrant used was multiplied by 20, which represented 
the concentration of calcium in terms of milligrams per liter of equiv-
1. Hach Chemical Company, Ames , Iowa. 
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alent calcium carbonate~ 
g. Fluoride 
Fluoride concentration was measured by the SPADNs1 method, 
which is based on the fact that the reaction rate between fluoride and 
zirconium ions is influenced intensively by the acidity of the reaction 
mixture (44). A 25 milliliter sample was treated with three droJ:B of 
five percent sodium arsenite to remove the chlorine residual and then 
mixed with five milliliters of acid zirconyl-5PADN reagent. A Delta 
Scientific Model 260 ifater Analyzer (Figure 23) was used to measure 
the optical absorbance of the sample at 570 millimicrons wavelength. 
The reading was calibrated in terms of parts per million according to 
the calibration curve provided by the manufacturer (46 ). The instrument 
was standardized by the use of a standard fluoride solution treated as 
the sample described above. The standard solution and the samples were 
measured at the same temperature. 
B, Biological Effect Studies of the Organic Flotation Reagents 
In the previous work, Handler (17) and Anderson (18) characterized 
the stream and mine tailing pond water quality, where the undesirable 
algal growth was found, in order to identify the nutrient sources causing 
algal problems. Both of their findings revealed that the biological 
oxygen demand (BOD) and chemical oxygen demand (COD) determinations did 
not indicate the presence of significant quantities of oxidizable com-
pound which usually exist in a polluted aquatic body. The problem was 
then traced to a monomolecular surface film composed of flotation 
1. SPADNS is sodium 2-(ptra.Sulfophenylazo)-1,8-dihydxoxy-3,6-naph-
thalene disulfonate, also called 4,5-dihyd.roxy-3-(pa.rasulfophrnylazo )-
2,7-naphthalenedisulfonic acid trisodium salt. 
37 
38 
reagents found in the Fletcher Plant tailing ponds and wastewater 
discharged into Bee Fork Creek. lud!tack (47) and Chang (48) reported 
an increase in bacteriological population and the effects of a decom-
posing, alcohol, surface film. A similar phenomenon may possibly 
exist in the study area. The end-products of the bacteriological de-
composition of a surface film could possibly furnish nutrients to the 
algae and cause the algal bloom. With this hypothesis in mind, a series 
of biological studies was conducted to investigate the biological prop-
erties of the organic flotation reagents. 
1, Material Used in Biological Studies 
Three organic flotation reagents used at the Fletcher Mine 
were employed in this study* 
a. Sodium Isopropyl Xanthate 
The reagent used at the mine and in this study was a 
product of Cyanamide Chemical Com:pa.ny Aero-Xanthate 343. The structural 
formula of the compound isa 
/ 0- C- CH- ( CH...) 
s = c --J 2 
' S-Na 
According to Sax (49), the compound could cause local irritation to 
skin and mucous membranes. Animal experiments suggest that this xanthate 
compound has a low toxicity. Sodium isopropyl xanthate is a highly 
polar compound and very soluble in water. It is the most commonly used 
xanthate as a. promoter for flotation of sulphide minerals (50), Re-
cently the compound has also been used as a selective herbicide in weed 
control (51). 
b. Isopropyl Eth;y,ldi thiocarbamate 
The reagent studied was Z-200, a product of the Dow 
Chemical Company. The structural formula is: 
The compound is water insoluble with a strong and undesirable odor. 
Toxic effects are still unknown, Jordan (42) reported that Z-200 was 
toxic to Fathead minnows, Pimepha.les promel.a.s, Ra.finesque. The Z-200 
is used a.s a promoter in the flotation process. 
c, Mixed Alcohols 
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The alcohol mixture used at Fletcher Mine was a Cyanamide 
Chemical Company product called F.rother-71. It is a mixture of about 
90 percent alcohols with 6 to 9 carbon atoms. The structural formula is a 
R - 0 - H (R contains 6 to 9 carbons ) 
The toxicity of the mixed alcohol reagent is unknown, since the toxic 
effect of an alcohol varies with the number of carbon atoms contained 
in the molecule and in their arrangements (49). Frother-71 is water 
insoluble with specific gravity of about 0.85. The compound is highly 
volatile and produces a strong odor on the surface of the water. 
2, Sampling and Storage of the Bacteria Cultures Studied 
The bacterial cultures used in this study were derived from 
the most polluted body of water, the second tailing pond of Fletcher 
Plant. The sampling glass bottle was sterilized in an oven at 160° C 
for two hours. The water and bacteria. samples were brought back to the 
laboratory, inoculated into a nutrient broth and incubated in an 
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incuba.tor1 at 35° C for 48 hours. The bacteria were then transferred 
to a slant followed by another 48 hours of incubation at 35° C and then 
stored in a refrigerator. 
The stored bacteria were transferred to nutrient broth and incu-
bated for 24 hours prior to the growth experiments. The bacteria 
growths were renewed every two weeks following the procedures described. 
No isolation of bacteria cultures was performed, since the effects 
were evaluated by studies of the mixed cultures. 
3. Biological Experimental Procedures 
a. Identification of Bacteria by the Gram Stain Method 
The Gram Stain technique was performed with bacteria 
cultures grown :from the Fletcher Mine tailings pond. The procedures 
followed were those as described in Standard Methods (44 ), which involves 
fixing the bacteria on slides by flaming and staining the cultures with 
methyl violet and sa:franin. The stained cultures were examined with a 
Bauch & Lomb Dynazoom PB-252 Research Microscope2 , and color photo-
micrographs were taken of bacterial growths (Figure 25). 
b, Studies on the Antimicrobial Effects of Reagents 
This experiment was performed to study any possible 
antimicrobial capacity of the organic notation reagent. The procedures 
were derived from those described in Laboratory EXercises in Microbiology 
by Pelczar (53). In this experiment, isopropyl ethyldithiocarbamate 
(Z-200) and mixed alcohols (Frother-71) were employed in full strength, 
while a dillution of 200 milligrams per liter strength was used for 
1. Precision Scientific Company, Chicago, Illinois, 
2. Bausch & Lom.b Company, Rochester, New York 14602. 
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sodium isopropyl xanthate (Aero-xanthate 343 ). 
Five milliliters of test solution and 0.5 milliliters of the stock 
bacteria culture were added to a sterile test tube followed by a gentle 
agitation to distribute the organisms uniformly. At intervals of 2·t, 
5, 10 and 15 minutes, a loopful of the mixture was transferred to a 
tube of nutrient broth. The nutrient broth was then incubated at 35° C 
for 48 hours. The evidence of bacteria growth in all tubes was observed 
visually, and pictures were taken for illustration (Figures 26, 27 and 28). 
c, Bacterial Fermentation Test of Sodium Isopropyl Xanthate 
This experiment was performed to investigate the possibility 
of ga.s production from the fermentation of sodium isopropyl xanthate by 
microorganisms. The procedures employed were derived from laboratory 
microbiological tests outlined by Pelczar (53). The test involved the 
inoculation of microorganisms into sodium isopropyl xanthate broth con-
taining an inverted Durham tube. A broth consisting of nutrient plus 
sodium isopropyl xanthate was tested. The microorganisms used were the 
stock cultures from Fletcher Mine pond number 2 described previously. 
One loopful of organisms was inoculated into the prepared sodium 
isopropyl xanthate broth, The broth was then incubated at 35° C for 
48 hours, and the evidence of gas production trapped in the Durham tube 
was observed visually. A control tube was also prepared by testing a 
nutrient broth without sodium isopropyl xanthate enrichment. Three sets 
of samples or a total of 18 tubes were tested at the same time for more 
reliable results. 
d, Orga¢.c Reagents Algal Growth Test 
This experiment was performed to investigate the nutrient 
or inhibition properties of the organic flotation reagents on algal 
growth. The experiment was performed in an indoor plantarium with 
controlled temperature, humidity and light. Three organic flotation 
reagents were employed in the study. The mixed alcohols and isopropyl 
ethyldithiocarbamate were employed in full strength without dilution, 
while sodium isopropyl xanthate was tested at a strength of 100 milli-
grams per liter. 
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Field collected samples of algal mats from Station 7 at Bee Fork 
Creek were employed for the study, The filamentous algae which mainly 
consisted of the blue-green Oscillatoria were rolled out flat and plugs, 
one inch in diameter, were cut from the mats. The algal plugs were put 
into 300 milliliter beakers and placed in a growth chamber. The tested 
reagents were then fed to the algae at the rate of five milliliters per 
day. 'l'wo controls were prepared by using deionized water and stream 
water from Station 5. The experiment was continued for 20 days, and 
the reaction of the algae was carefully observed visually. Pictures 
were taken at the end of the experiment (Figure 29). Three sets of 
samples, a total of 15 test growth jars, were tested at the same time 
to produce more reliable results, 
C, Spectrophotometric Studies of Sodium Isopropyl Xanthate 
Among the three organic flotation reagents used at Fletcher Mine, 
only the highly polar compound of sodium isopropyl xanthate is very 
soluble in water. It is reasonable to suspect that this compound could 
have been present in mine tailing ponds and caused a pollution problem. 
This compound by itself was found to be toxic to bluegill sunfish 
(Lepomis macrochirus) but did not exhibit any inhibition effect on 
bacteria growth even at a concentration of 200 milligrams per liter. 
In order to evaluate the cumulative effects of the xanthate compound, 
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a study was made to develop a suitable detection method for both quali-
tative and quantitative work~ 
1, Previous Work and Selection of Method 
Li. ttle work has been done in measuring xanthate compounds in 
waste water. Some previous related work was found for process control 
in the cellulose and rubber synthesis industry, Due to the limitation 
of the facilities available and the simplicity of operation, only the 
ultraviolet spectrophotometric method was chosen for this study. Sev-
eral investigators (35, 36, 37, 39) reported that the xantha.tes have 
maximum absorption at the 300 to 310 millimicron wavelength depending 
on the by-products and substituted group of the compounds. 
2, The Spectrophotometer Used for This Study 
The spectrophotometer used in this research was a Hitachi 
Perkin-Elmer UV-VIS Model 139, as shown in Figure 24. A set of four 
quartz cells were employed which were applicable to the entire scan 
range of the instrument ranging f'rom 195 to 900 millimicrons. 
), Purification of Sodium Isopropyl Xanthate for Study 
The milling reagent supplied by Fletcher Mine was a Cyanamide 
Aero-xanthate 343. The reagent was experimentally purified by the 
Acetone Ether Purification process described by Carl (54). Approximately 
33 grams of coarse Aero-xanthate 343 was mixed with 100 milliliters of 
acetone J the mixture was then warmed electrically until it boiled. The 
clear, boiled solution was filtered off into a large beaker and .500 milli-






formed was immediately suction filtered then ether washed and air 
dried. 
4. The Study Procedures 
a. Ultraviolet Spectra of Sodium Isopropyl Xanthate 
A standard solution of ten milligrams per liter concen-
tration was prepu-ed by dissolving the sodium isopropyl xanthate reagent 
in deionized water. The solution was subjected to photometric study 
immediately after preparation. The spectra was scanned from 200 to 350 
millimicrons. Following the instruction manual, a hydrogen la.mp was 
used for the light source with the filter open during operation (55). 
Both purified and unpurified reagents were scanned with the same sen-
sitivity to provide comparison. The spectrophotometer sensitivity was 
set at coarse 4, fine 8 and slit width of 1.08 millimeters. 
b. Standard Calibration Curve for Sodium Isopropyl Xanthate 
The maximum absorption at the 303 millimicron wavelength 
obtained was selected for quantitative study. The standard solution was 
pre:J;ared from one to ten milligrams per liter of sodium isopropyl xan-
thate and the respective optical absorption reading at the 303 milli-
micron wavelength was taken. The calibration curve was plotted as opti-
cal absorption versus reagent concentration. A pure deionized water was 
used for the blank. The spectrophotometer sensitivity was set at coarse 
4, fine 7 and slit width of 0.67 millimeters to give the blank zero 
reading. Both purified and unpurified. reagents were examined for com-
parison. 
c. Tests for Sodium Isopropyl Xanthate in Mine Wastewater 
The sample tested was pla.ced directly into the cell for 
a reading as previously described w1 thout any further treatment except 
when dilution was needed, In order to obtain a reliable result, 
standard calibration curve was developed far each measurement. 
d. Interference with Sodium Isopropyl Xanthate ~1easurement 
It was suspected that the complex impurities of other 
chemical compounds in the mine tailing water could have affected the 
energy level of the xanthate molecule and shifted the peak absorbance 
beyond the selected 303 millimicron detection wavelength. This phase 
of the research investigated several possible factors that might 
interfere with the measurements. 
i, Impurities in Natural Water 
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The over-all influence of the impurities in natural 
water was observed by repeating the scan of the sodium isopropyl xanthate 
spectrum as described previously. During this experiment the Fletcher 
Mine tailing pond water was used, in addition to deionized water, as 
solvent to prepare the standard testing solution. The two spectra were 
then closely examined by comparison of results. 
ii, F.rother-71 
F.rother-71 was found to be a water insoluble 
floating reagent with a large affinity between the xanthate and the 
fi"other, The f'rother contained in the water tested may seriously 
interfere with detection by absorbing the xanthate compounds and float-
ing then to the liquid surface, The experiment was carried out by 
plotting the standard calibration curve as previously described. After 
0,1 milliliters of F.rother-71 was added to 20 milliliters of each con-
centration of the standard solutions, the mixture was agitated and 
allowed to stand for 15 minutes; the treated solution was then siphoned 
from the bottom of the container and the absorbance reading was again 
used for plotting the curve as concentration versus optical absorbance 
for comparison with the untreated standard solution curve. 
iii. Stabili t;r of Sodium Isopropyl Xanthate 
Following the procedures described previously, the 
standard solutions were prepared and allowed to stand for one week at 
room temperature (21 ° C) then the optical ab'3orption of the solution 
was measured and the curve plotted, 
5. The Deeom:position Rate of Soclium Isopropyl Xanthate 
Results obtained indicated that the xanthate compound used 
by the Fletcher Mine was undergoing rapid decomposition even at normal 
room temperature, The rate of xanthate decomposition was determined by 
varying the temperature factor, 
A ten milligrams per liter sodium isopropyl xanthate sta.nda.rd solu-
tion was prepared as described previsouly and the solution was studied 
at different temperatures, The temperatures selected were 3, 12, 25 and 
35 degrees Centigrade in order to cover the seasonal temperature varia-
tion of the natural water in the studied area, The experimental solution 
was scanned every day over a period of three weeks • 
6, Solubility of Sodium Isopropyl Xanthate in Organic Solvents 
Considering that the sodium isopropyl xanthate might be present 
only in trace amounts, the method of recovery or concentration was con-
sidered important for detection, A suitable solvent was sought for con-
centrating the xanthate through liquid-liquid extraction, The procedure 
investigated the solubility of xanthate in several common organic solvents. 
A baseline was established and the spectrum of sodium isopropyl 
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xanthate saturated solution was compared to the untreated pure solvent 
in order to find the significant difference in the absorption peak 
suitable for a quantitative analysis with a spectrophotometer. The 
solvents selected for this study were water insoluble chloroform, toluene, 
hexane and benzene. 
D 1 Bioassay Studies Using Fish 
The information concerned with the toxicity of mining and milling 
flotation reagents to fish is sparse. The response of fish to toxic 
material varies according to species and size. The purpose of the bio-
assay studies was to evaluate the acute toxicity of the organic flotation 
reagents used in lead-zinc and copper milling process. 
1. Fguipment Used in the Ex:periment 
The equipment used in the bioassay studies consisted of a set 
of four wide-mouth glass jars w1 th a one-gallon capa.ci ty. Each jar was 
aerated with compressed air supplied in the laboratory by a rubber hose 
connected to a glass tube of 4 millimeters inside diameter. The air 
passed through an activated-carbon filter before reaching the testing 
jars. Screw-clips were used on the rubber hose to regulate the air flow, 
in order that an excess of dissolved oxygen could be maintained at all 
times without undue agitation of the water in the test jars. 
2, Water Used in the Ex:periment 
The water used in the bioassays was the same water in which 
the fish had been acclimatized in the stock aquaria. The water was 
prepared in the laboratory by dechlorinating tap w&ter with Water-Rite1 
1. National Pet Supply Comp9.ny, St. louis, Missouri. 
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following proper aeration. Dissolved oxygen content exceeded 6.5 milli-
grams per liter and the temperature was 21° ± 1° c. 
3. The Experimental Fish 
The experimental fish used were bluegill sunfish (Lepomis 
marochirus, Rafinesque), supplied by the Fisheries Division, Missouri 
Department of Conservation1 • The same species of fish had been used in 
prior studies for related work at the University of Missouri - Rolla. 
The fish were placed in a 15 gallon aquariwn and fed with commercial 
fish food twice a day. 
4. The EXperimental .Material 
The organic flotation reagents employed by the Fletcher Plant 
for the lead, zinc and copper milling process were used in this study. 
These reagents were1 Sodium isopropyl xanthate, dimethyl dithiocarba.mate 
and mixed alcohols which have been described previously. 
5, Bioassay Procedures 
The determination of median tolerance lim1 ts (Tlin) was not 
the goal of this investigation, therefore the experiment procedures did 
not exactly follow those described in Standard Methods (44 ). The exper-
imental concentrations of the test reagents were selected based on the 
applied reagent dosage used in the milling process. 
The test fish were acclimatized in the experimental water for at 
least ten days prior to any experiment and then selected at random and 
transferred f'rom the stock aquarium to the test jars. A control jar was 
1. Missouri Deps.rtlllent of Conservation, 903 Elm Street, Columbia, 
Missouri 65201. 
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used for comp:u-ison during each experiment. The fish were not fed during 
the test ar during the day preceeding the experimental run. 
The fish reactions were closely observed during all experiments. 
Deaths were recorded and abnormal behavior such as increased respiratory 
rate, loss of equilibriUlll or distress was also noted and recorded. A 
fish was deemed "dead" at that time of observation when its respiratory 
and other movements, either spontaneous or in response to mild mechanical 
stimulation, could not be readily detected during an observation period 
of five minutes ( 44). 
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V. DISCUSSIONS 
A. Presentation of Results 
1. Stream Water Quality Analysis 
Results of analysis on stream water samples from the study 
area are presented in Tables IV through XIX. Fletcher Plant mine water 
and tailings pond water characteristics are presented in Table XX. All 
data is tabulated according to the sequence of the sampling data to estab-
lish a baseline for future, long-term, cumulative pollution study. Since 
a significant seasonal variation of stream water characteristics was found 
for most of the streams studied, fUrther consideration should be given 
to the study of dry and wet season individually. 
No significant changes were found for calcium, total hardness and 
alkalinity. However, the streams receiving the mining wastewater show 
a high fluoride content at Bee Fork Creek and Strother Creek as well 
as an increase in turbid! ty and pH. Fluoride concentration can be 
successfully used in detecting mine water in this area. 
2. Studies on the Biological Effects of the Reagents 
a, Gram Stain 
Since many organisms are gram variable (44), the gram 
staining operation was repeated six times at different time periods. 
Figure 25 shows a microscopic picture of a typical stained slide which 
indicates the presence of gram-negative bacilli in Fletcher tailing 
pond number 2 where the excess algae growth was found, Kuentzel (56) 
cited the similar existence of gram-negative bacilli and blue-green 


















Table IV. Characteristics of Stream Hater at Station 1 
Water pH Total Calcium Alkali.nity Turbi.dity Temperature Hardness Hardness 
co mg/1 mg/1 mg/1 Units 
as Caco3 as CaCOJ as Caco3 
18 7.5 60 J6 52 0,8 
19 7.6 92 50 56 1. 
10 7.4 35 22 23 4, 
J4 7.5 42 22 32 3.5 
16 7.7 104 76 94 0,8 
18 7.8 110 60 86 0,8 
18 7.8 120 60 76 1. 
20 7.8 156 94 120 1.5 
20 7.2 146 92 116 4,5 
20 7.3 150 100 122 2.5 
21 7.1 160 110 118 1. 
18 ?.6 172 126 144 1.5 
14 7.7 196 114 142 0,8 
12 7.9 150 110 142 0,4 






































Table V, Characteristics of Stream Hater at Station 2 
Water p!1 Total Calcium Alkalinity Turbidity 
':'e!Tiperature Hardness !·Iardness 
co mg/1 lT'.g,ll mg/1 Units 
as eaco3 as caco,. as Caco3 J 
18 7,2 34 16 32 1. 
25 6,6 42 24 36 4. 
16 7.3 59 J4 50 6.5 
14 7.3 60 32 48 3. 
21 7.1 40 26 38 0,9 
22 7.6 86 50 60 0,7 
23 7.1 ?8 42 52 0,5 
25 6,6 86 50 58 0,9 
24 6,8 133 94 76 o.s 
20 6,9 132 88 80 0,8 
20 6,9 178 110 75 0,6 
18 7.4 178 130 90 1,5 
18 6,9 160 120 82 0,4 
13 ?.1 170 102 88 0,4 







































Table VI, Characteristics of Stream Water at Station 4 
Water pH Total Calcium Alkalinity Turbidity Temperature Hardness Hardness 
co mg/1 mg/1 mg/1 Units 
as eaco3 as CaCOJ as caco3 
19 7.2 52 10 24 3. 
24 7,3 38 24 36 3. 
27 7.3 85 47 84 11, 
15 7.2 10 6 12 3.5 
14 7.2 11 6 12 2.5 
17 7.7 30 18 28 3. 
18 7.8 36 18 )6 3. 
21 7.8 50 27 50 4, 
26 7.8 80 40 76 5. 
27 7.7 90 76 88 4. 
27 7.8 104 78 110 3. 
28 7.6 130 100 118 4. 
23 7.7 118 82 122 6. 
13 7.8 126 74 124 2,5 
9 7.7 124 90 117 0,8 
















































Table VII, Characteristics of Stream ;4ater at Station 5 
~later pH Total Calcium Alkalinity Turbidity Temperature Hardness Eardness 
('0 mg/1 ma;/1 mg/1 Unit:-: v 
as Caco3 as Caco3 as CaCOJ 
19 7.6 58 20 40 2,5 
22 7.3 64 '38 62 1.5 
24 7.2 91 48 92 2,5 
24 7.3 71 42 80 1.5 
24 7,6 75 45 85 1.5 
21 7.5 83 45 90 1. 
20 7,4 80 47 94 0,7 
9 8,2 37 20 32 4, 
6 7.3 25 1l.J. 27 6, 
12 7.3 20 11 22 5. 
15 7.5 26 16 26 5.5 
15 7,3 26 15 22 5.5 
19 7.7 LJ-8 30 48 2, 
20 7,8 54 30 54 1.5 
21 7.5 72 38 62 2.5 
22 7.4 96 70 90 3. 
23 7.3 98 74 98 3.5 
26 7.4 102 72 106 2.5 
24 7.3 130 E36 116 2,5 
22 7.5 116 80 114 1.5 
12 7,6 78 1-J-4 98 1. 
6 7.7 80 LJ-6 70 l. 
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Table VIII. Characteristics of Stream \'later at Station 6 
·water pH Total Calcium Alkalinity Turbirl ity Temrerature Hardness !-lard ness 
(,0 mg/1 mg/1 mg/1 Units v 
as Caco3 as Caco3 as Caco3 
20 7.6 76 40 80 , ~ .. , _..· 
23 7.9 116 60 16L~ o.s 
26 7.9 140 91 136 1, 
27 8,1 140 102 137 1.5 
26 8,1 128 64 130 1.0 
25 8,0 125 73 135 2.0 
25 8,2 128 69 134 o.s 
24 8,2 135 67 150 0,4 
22 8,1 115 61 132 3.5 
19 8,1 147 78 142 0,:?. 
10 8.1 66 38 58 1.5 
4 7.7 62 32 60 2, 
6 7.7 55 27 46 3. 
12 7.7 36 20 38 3. 
16 7.9 38 22 42 3.5 
16 7.8 49 24 40 2, 
20 8,1 100 62 102 0,3 
21 13,1 108 58 108 0,4 
24 8,0 122 62 122 0,4 
25 8,1 176 76 128 O,fi 
26 7,2 138 110 130 o • .s 
25 7.7 134 88 140 0,4 
25 7.9 140 96 140 O,J 
26 7.9 152 100 142 0,4 
23 7,9 144 96 140 0,3 
14 8,1 138 110 136 0.3 
Q 8,2 136 102 132 0,3 / 































































Table IX, Characteristics of Stream Water at Station 7 
Water pH Total Calcium Alkalinity Turbidity Temperature Hardness Hardness 
co rng/1 mg/1 mg/1 Units 
as Caco3 as Caco3 as eaco3 
25 8,2 108 58 100 3. 
23 8,3 164 90 160 3,5 
28 8.3 161 102 164 5. 
27 8.3 183 117 157 6. 
27 8.5 171 88 160 6, 
26 8,6 162 85 164 2.5 
27 8.6 173 91 165 2.5 
26 8,6 143 80 148 1. 
24 8,4 149 78 162 3. 
20 8,5 170 96 160 0,6 
11 8,1 124 86 1o6 4, 
4 7.9 122 70 110 15. 
8 8.1 93 66 72 7. 
14 8,0 103 66 92 5. 
17 8,3 140 75 134 4.5 
18 8.3 152 79 116 3. 
21 8.4 180 116 150 1.5 
22 8,4 186 78 108 0.8 
25 8,4 200 96 150 2.5 
26 8,6 196 110 145 3. 
27 8.3 192 140 152 3.5 
25 8,2 200 132 140 2.5 
26 8,4 200 136 145 5. 
27 8.3 216 150 158 2,0 
24 8,2 198 140 160 2, 
16 8.3 200 126 164 2.5 
ll 8.3 200 160 154 5.5 






























































Table X. Characteristics of Stream \'later at Station 8 
Water 
:pH Total Calcium Alkalinity Turbidity Temperature Hardness Hardness 
co mg/1 mg/l mg/1 Units 
as Caco3 as CaCOJ 
r C'~ as ,_.a v 3 
24 8,4 110 68 n6 1.5 
22 8.3 160 88 148 2. 
27 8,3 177 107 168 2, 
21 8,5 175 111 152 2.5 
26 8,7 168 82 1.54 2. 
25 8.5 164 87 161 1. 
26 8,6 165 85 160 1, 
25 8.8 167 89 160 0.5 
23 8,4 153 83 160 1. 
19 8,5 170 96 160 0.5 
11 8.1 124 86 106 4. 
4 7.9 122 70 110 15. 
8 8.1 93 66 72 7. 
13 8,0 96 54 86 3. 
16 8.1 93 50 84 2.5 
16 8,1 104 57 90 1.5 
20 8,3 174 98 138 0,4 
23 8,3 186 92 150 1. 
24 8.3 194 110 145 0,6 
26 8.3 192 140 150 0,9 
25 7.7 134 88 140 0,4 
25 8,4 200 132 148 0,8 
26 8.3 216 150 150 9. 
22 8,2 198 136 158 0.5 
15 F3,?. 194 ll4 164 0,7 
11 d.) 200 134 152 1.5 




















































Table XI, Characteristics of Stream Hater at Station 9 
~rater pH Total Calcium Alkalinity Turbidity Temperature Hardness Hardness 
co mg/1 mg/1 mg/1 Unit:o-
as Caco3 as Caco3 as Caco3 
24 8,1 196 138 200 0,5 
27 8,2 152 84 151 0,5 
25 8.2 159 87 158 0.5 
19 8,2 168 100 166 0.2 
10 8,1 140 84 128 o.4 
13 8.0 103 60 104 0,8 
17 8.2 116 63 110 o.4 
20 8,0 142 82 132 0.5 
22 8.0 154 78 142 0.5 
25 7.8 166 128 150 1.0 
24 8.0 162 89 145 0,4 
25 7.9 160 108 148 2.0 
24 7.7 180 170 150 1.0 
24 7.9 160 110 150 0.6 
19 8,0 176 108 160 0.7 
12 8,2 170 134 158 0.3 














































Table XII, Characteristics of Stream Hater at Station 10 
'dater pH Total Calcium Alkalinity Turbidity Temperature Hardness Hardness 
0 mg/1 mg/1 mg/1 c Uni tc:. 
as CaCOJ as Caco3 as CaCOJ 
24 8,2 136 78 140 0.8 
23 8,1 160 94 165 2, 
27 8,1 168 107 174 1.5 
26 8.3 172 89 170 2. 
10 8,1 142 92 140 3. 
9 8,2 120 74 110 1.5 
13 8.1 106 60 110 1. 
16 8,3 113 60 106 1.5 
17 8,3 132 66 122 0,8 
19 8,4 158 114 154 0,4 
24 8.3 170 90 166 0.7 
23 8,4 180 109 170 1. 
23 8,2 180 105 168 2. 
23 8,2 172 110 170 l. 
23 8,4 176 }10 172 1.5 
24 8,0 190 140 180 2, 
23 8,2 196 150 182 2, 
15 8,2 124 100 184 1. 
10 8,2 190 124 184 0.3 












































Table XIII, Characteristics of Stream Water at Station 11 
Hater pH Total Calcium Alkalinity Turbidity Temperature Hardness Hardness 
co mg/1 mg,II mg,ll Units 
as eaco3 as Caco3 as Caco3 
23 8,3 114 80 120 1, 
23 8.4 155 82 162 1 • .5 
19 8,3 158 90 162 0,7 
11 8,2 120 102 110 2. 
17 8,2 83 47 80 3.5 
18 8,2 96 52 86 4, 
20 8.3 150 102 146 0,7 
26 8,3 156 74 144 1.5 
21 8,4 167 106 164 2, 
23 8,1 164 100 166 1,5 
24 8.1 166 le4 170 5. 
23 8.1 176 150 170 1. 
22 8.2 168 140 164 0,9 
13 8.0 170 116 164 0.6 
10 8,3 160 106 160 0.3 














































Table XIV. Characteristics ')t' Stream \•iater at Station 12 
Water Total Calcium pH Alka1lnity Turbidity Temperature Hardness Hardness 
co mg/1 mg/1 m,g;/1 Units 
as CaCO as Caco3 as Caco3 
22 8.3 156 86 150 0.9 
24 8,2 131 77 148 0,8 
22 8,2 130 81 1LJ-O 0,8 
20 8,2 112 64 114 8, 
10 8.3 138 95 122 4, 
11 8,2 131 73 140 3, 
JL~ 8.5 130 7L~ 140 1,5 
17 8,7 132 74 133 3.5 
18 8,3 142 76 134 J,O 
20 8,4 178 132 160 1,0 
2h 8,2 176 108 170 1.5 
21 8,5 168 100 165 1,5 
23 8,1 170 97 170 1.5 
2LJ.. 8,1 172 122 162 1,0 
23 8,1 188 140 164 1.0 
22 8.1 178 140 160 0,9 
15 8,0 194 108 168 1.5 
10 8,3 195 120 162 2,0 


















































Table XV, Characteristics of Stream Hater at Station 13 
Hater pH Total Calcium Alkalinity 'l\.trbidi ty Temperature l-Iard ness Hardness 
,,Q me;/l mg,II mg/1 Units L,; 
as Caco3 as CaCOJ as Caco3 
23 8,4 186 110 190 0,6 
24 8,1 177 91 198 0,5 
22 8,1 168 108 174 0 l• • f 
18 8,1 2C# 124 200 0,4 
12 8,2 190 124 174 O,J 
12 8,2 162 99 160 1. 
13 8.3 154 [1--J. 154 l, 
16 8.3 140 81 ll-1-5 l, 
17 8,2 168 90 152 5. 
20 8.3 208 120 196 0,6 
23 8.2 218 150 196 0,4 
20 8,4 216 124 200 0,6 
22 8,1 216 130 186 1.0 
22 7.9 216 105 190 0.5 
22 8,0 216 138 186 0,8 
22 8,1 220 150 190 1,0 
21 8,1 236 J78 190 0,7 
14 3,0 zL~O 1)4 190 1,0 
9 F3,) 240 150 200 0,7 












































Table XVI, Characteristics of Stream Water at Station 14 
vJater pH Total Calcium Alkalinity Turbidity Temperature Hardness Hardness 
,o mg/1 mg/1 mg/1 Units v 
as Caco3 as Caco3 as Caco3 
6 8,3 202 120 186 0,3 
11 8.3 171 115 160 1.5 
12 8,3 164 £'A, 158 1.5 
16 8.3 160 87 150 1,0 
17 8,2 172 92 160 2.0 
21 8,3 220 136 200 0.5 
23 8.3 230 160 202 o.4 
23 8.3 220 140 198 o.4 
23 8,0 226 124 188 0,5 
23 8.1 226 146 190 0.5 
23 8,0 245 170 196 0,7 
21 8,1 244 186 184 0.5 
14 8,0 248 144 198 0.3 
9 8.3 250 185 200 0,1 




































~-able :<VI I, Characteristics of Stream 'dater at Station 15 
·.~ater pH Total Calcium Alkalin:ity Turb~r1ity 
'-::'P.mpera ture P.ardness Eardness 
r:o mgl1 mgl1 mgll Units 
as eaco3 as Caco3 as Caco3 
10 8.3 174 122 164 J.5 
16 3,8 157 81 144 5. 
18 8,4 174 100 158 1,5 
19 8,4 220 llO 198 1,5 
22 8,1 232 158 200 1,0 
21 8,9 208 100 212 2.5 
19 8,4 212 132 210 1,5 
18 8,4 236 120 234 2.5 
19 8,2 240 144 225 O,J 
18 8,6 196 110 192 1,5 
11 8,1 200 116 188 1,0 
5 8,3 250 160 245 0.3 








































Table XVIII. Characteristics of Stream Hater at Station 16 
1.~ater. pH Total Calcium Alkalinity Turbidity Temperature Hardness Hardness 
co mg,h mg,ll mg/1 Un:its 
as CaCOJ as eaco3 as Caco3 
22 8,4 124 80 134 0,3 
24 8,0 170 91 175 0,5 
22 8.3 190 108 198 0,4 
21 8,0 180 120 172 0,6 
13 8,1 142 96 132 0,3 
10 8,2 113 67 128 2, 
13 8,2 114 78 112 0,7 
16 8,2 no 64 110 1,0 
17 8,2 122 66 112 0,7 
20 8,2 158 100 154 0,3 
21 8,0 170 no 162 0.3 
23 8,2 166 108 166 o.s 
26 7.9 167 110 164 1,0 
25 8.1 168 120 164 0,5 
26 8,0 178 130 166 0,6 
22 8,1 172 132 174 0,4 
16 8,1 188 104 180 0,5 
7 8,0 172 134 174 0,2 








































Table XIX. Characteristics of Stream Hater at Station 17 
;,iater pH Total Calcium Alkalinity Turbidity Temperature Hardness Hardness 
co mg/1 mg/1 mg/1 Units 
as eaco3 as eaco3 as CaCOJ 
10 8,1 138 100 130 0.2 
11 8.2 106 65 14J 0,8 
13 8,1 no 76 110 0.7 
17 8.2 122 66 110 0.5 
20 8.3 144 90 134 0,4 
22 8,1 J.L~9 100 144 O,J 
25 8.0 154 108 146 o.s 
26 8.4 150 106 146 0.5 
26 8.1 166 110 166 0~4 
24 8.3 170 116 154 0,2 
16 8,1 180 98 156 0.3 
9 8,1 160 100 156 0,2 





























as CaCO 3 














~ .• 1 
7 x ,v 
7.9 
3,2 
Tailings :Jetentio1. Por,'i ::~..!_0_ 
7 I J/69 
4/ 6/69 
1 Cl/ 6/69 
24/ h,/h9 














Tailings Detention Pond :Jo, 3, 
?/ J/69 
10/ 6/(-,9 































































































































' ~, • I 
"' I 
' 
Figure 25 I Gram-negative bacilli found in 
Fletcher Plant tailings pond No. 2 
(1500X ) . 
69 
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b. Antimicrobial Effects of the Flotation Reagents 
The results of antimicrobial tests of the organic flota-
tion reagents are presented in Table XXI. Evidence of bacterial growth 
are also shown in Figures 26, 27 and 28, where a black tube indicates 
the death of microorganisms. Among the three tested reagents, isopropyl 
ethyldithiocarbamate and the mixed alcohols containing six to nine carbon 
atoms were both found to have antimicrobial substances while sodium 
isopropyl xanthate gave no antimicrobial effect. This suggests that 
sodium isopropyl xanthate may be involved in a bacteria-algae symbiotic 
relationship. 
c. Bacterial Fermentation Test of Sodium Isopro:pyl Xanthate 
In this experiment, no gas was formed in the inverted 
Durham tubes. The results indicated that the bacteria failed to ferment 
sodium isopropyl xanthate, however, bacteria growth was observed in all 
tubes tested. Since this experiment was conducted in an environment 
different :f'rom natural conditions, the changing of predominant species 
of bacteria in a laboratory environment, and the supply of oxygen and 
the light conditions could have affected the experimental results. It 
must also be pointed out that gas is not always produced in the synthesis 
of bacterial cells. 
d, Algal Growth Test with Flotation Reagents 
The results indicated that algae responds to the reagents 
in different ways. The algae in the growth jars containing isopropyl 
ethyldi thioca.rbamate turned yellow after three days of feeding. l-1icro-
scopic examination indicated that the algae were dead on the fourth 
day of the experiment. The algae feeding on alcohols were starting to 
lose their color by the fourth day of the experiment. At the end of 
T~ble XXI, 
Antimicrobial Effects of the Organic Flotation Reagents 
Test Organism Mixed Bacteria Cultures from Fletcher Plant Tailing Pond No. 2 
Test Reagents 
Sodium Isopropyl Isopropyl Ethyl-
Xanthate di thiocarba.mate 
No. of Test Run 1. Run 2. Run 3. Run 1. Run 2. Run 3. 
2 1/2 + + + 0 0 0 
~ 
aS 5 + + + 0 0 0 ~ ~ 




~ 15 + + + 0 0 0 
-
Note 1 " + " Presence of the evidence of bacteria growth. 
" 0 " Absence of the evidence of bacteria growth. 
Mixed Alcohols 
6 - 9 Carbons 
Run 1. Run 2. Run 3. 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
~ 
1-1 
Figure 26. Antimicrobial effects of isopropyl ethyl-
dithiocarbamate (Z-200). 
Figure 27. Antimicrobial effects of mixed alcohols (6 - 9 carbon atoms) (Frother-71). 
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Figure 28. Negative-antimicrobial effects of sodium isopropyl 
xanthate (Aero-xanthate 343). 
Note • Control 1 - Nutrient broth inoculated with bacteria. 
Control 2 - Nutrient broth w1 thout inocul&tion. 
73 
the seventh day, microscopic observations revealed that the algae was 
dead. The growth jars enriched with sodium isopropyl xanthate had a 
healthy algal growth, A fine silk-like net was oooerved around the 
edges of the algal plugs. It is possible that this silk-like net, 
mingled with blue-green Oscillatoria, could entrap the rock flour, 
microorganisms, and decomposing vegetation to form the sponge-like 
74 
mat similar to that found at Station 7 in Bee Fork Creek. Figure 29 
shows the growth of the "net" and the blue-green algae Cscillatoria 
after twelve days of feeding, The control jars both fed with distilled 
water and stream water from Station 5 produced a good algal growth 
but not as prolific as the biologic growth in the sodium isopropyl 
xanthate enriched broth. The growth was believed due to trace amounts 
of nutrient present in the distilled water and stream water. Although 
this experiment was not definitive in indicating the nutrient property 
of sodium isopropyl xanthate for algal growth, the inhibition or toxicity 
effects of isopropyl ethyldithiocarbamate and mixed alcohols on blue-
green Oscillatoria were unquestionable, 
3. Spectrophotometric Studies of Sodium Isopropyl Xanthate 
a. Ultraviolet S~ctra of Sodium Isopropyl Xanthate 
Ultraviolet spectra for the purified sodium isopropyl 
xanthate at a ten milligrams per liter strength solution was obtained 
and presented in Figure 30. The two spectra are almost :parallel and 
both show the maximum absorption at 303 millimicron wavelength. The 
spectra difference was believed due to impurities contained in the 
reagents. All experimental spectra agreed with previous studies, The 
maximum absorbance at 303 millimicron was selected for further quan-
titative study. 
Figure 29. Blue-green algae Cscilla.toria growth 
af'ter 13 days of fe~ w1 th sodium 






































- - PURIFIED S.I.X. 




SLIT WIDTH 1.08 
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200 10 20 30 40 50 60 70 80 90 300 10 20 30 40 50 
MILLIMICRONS 
WAVELENGTH 
Figure 30. Spectral analysis of sodium isopropyl 
xanthate (s.r.x.) 
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b, Standard Calibration Curve 
The linear relationship between optical absorbance and 
the concentration of the reagents was obtained, The calibration curves 
were actually a straight line ideal for a quantitative analysis. Figure 
31 illustrates the calibration curves which were established from one to 
ten milligrams per liter solutions of both purified and unpurified rea-
gent, These curves were developed to have the absorbance readings en-
tirely within 0,2 to 0.7, where the instrument functions with the best 
precision (68), 
c, Test for Sodium Isopropyl Xanthate in Wastewater 
Three tailings ponds at Fletcher Mine and stream sampling 
Stations 6, 7, 8 and 9 were sampled and tested. The measurements were 
repeated several times on July 15th, July 29th and August 12th, The 
results are presented in Table XXII, 
In all locations sodium isopropyl xanthate was found in trace 
amounts. The absorbance readings shown on Table XXII were not signif-
icant, and may simply be caused by different sample cells used. 
d, Sodium Isopropyl Xanthate Measurement Interferences 
i, Impurities in Natural Water 
Figure 32 indicates the spectra for ten milligrams 
per liter of sodium isopropyl xanthate standard solution preiBXed. by 
using deionized water and Fletcher Mine tailings water as solvents. 
No significant difference between the two spectra appeared, in fact, 
both samples had the identical maximum absorbance at 303 millimicron 
wavelength, This indicates that the tailings water did not produce 
any significant interference in the ultraviolet spectrophotometric 




























A PURIFIED S.LX. 
0 UN PURIFIED S.l. X. 
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MILLIGRAMS PER LITER (mgll) 
CONCENTRATION OF 
SODIUM ISOPROPYL XANTHATE 





Tests for Sodium Isopropyl Xanthate in Mine Settling Ponds and Streams 
Measure- UV Absorbance 
ments at 303 millimicrons 
Da 
te 
Sodium Iso:prgJr'l Xanthate 
as m 1 
Sampling 
15/7/69 29/7/69 12/8/69 Locations 
0,003 0.001 0 
Station 6 
Trace Trace Trace 
o.oo6 o.oo4 0,005 
Station 7 
Trace Trace Trace 
0,002 0 o.oo6 
Station 8 
Trace Trace Trace 
0 -0.002 -0.002 
Station 9 
Trace Trace Trace 
0 0 0,01 
Pond 1 
Trace Trace Trace 
0,005 0,001 -0.00) 
Pond 2 
Trace Trace Trace 
o.oo6 -0.002 0 
Pond 3 
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- S.I.X. IN DEIONIZED WATER 
S.I.X. IN SETTLING POND WASTE 
WATER 
SENSITIVITY 
COARSE 3 · 
FINE 5 
SLIT WIDTH 1.09 
200 10 20 30 40 50 60 70 80 90 300 10 20 30 40 50 
MfLLIMICRONS 
WAVELENGTH 
Figure 32. Spectrum of sodium isopropyl xanthate (S.I.X.) 
in deionized and settling pond waste water 
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in a stable form, the absorbance reading could have been obtained 
precisely at )OJ millimicron wavelength. 
ii. Frother~?l 
81 
Mining frothers possess a great affinity for the 
highly polar compound sodium isopropyl xanthate. The f'rother residual 
present in tailing water may absorb the sodium isopropyl xanthate from 
the water to form a monomolecular film floating on the surface of the 
water, resulting in the lack of sodium isopropyl xanthate underneath 
the surface of the water. Figure 33 indicates the depressed absorbance 
curve of a standard solution treated with F.rother-?1. 
iii. Stability of Sodium IsopropYl Xanthate 
The curve presented in Figure 33 indicates tha.t 
sodium isopropyl xanthate easily decomposed even under normal environ-
mental conditions. This fact is considered to be one of the interference 
factors in the measurement of sodium isopropyl xanthate. 
e. The Decomposition Rate of Sodium IsopropYl Xanthate 
Sodium isopropyl xanthate was found to be a very unstable 
compound which undergoes rapid decomposition in the natural environment. 
Figure )4 indicated that the decomposition rate of sodium isopropyl xan-
thate increased as the temperature increased. Sodium isopropyl xanthate 
was found to undergo complete decomposition in a 35 degrees Centigrade 
environment during a two week period. Figure 35 indicates the spectra 
for decomposed sodium isopropyl xanthate in different temperature 
environments, for a detention time of three weeks. 
The changing spectra of decomposing sodium isopropyl xanthate is 
presented in Figure 36. The point of maximum al:sorba.nce was shifting to 
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TREATED WITH FROTHER 71 
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CONCENTRATION OF 
SODIUM ISOPROPYL XANTHATE 
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Figure 33. Interference in sodium isopropyl xanthate (S. I.X. ) 
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Figure )4. The effects of temperature and time on the decomposition 
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Figure 35. Spectrum of decomposed sodium isopropyl xanthate 




































Spectrum of decomposing sodium isopropyl 




f. Solubility of Sodium Isopropyl Xanthate in Organic Solvents 
The solubility of xanthate compounds varies widely accord-
ing to the sul:sti tution groups. Organic solvents such as benzene, chlo-
roform- toluene and hexane were studied and none were found to be a good 
solvent for sodium isopropyl xanthate. The spectra presented in Figures 
37- 38- 39 and 40 point out that the spectra of pure solvents and spectra 
of sodium isopropyl xanthate saturated solvents were almost parallel with 
no significant peak to be found in saturated solvents. 
4, Bioassay Studies Using Fish 
Since large numbers of experimental fish were not available, 
the procedures were modified and did not follow exactly those described 
in Standard Methods, The results presented in Tables XXIII and XXIV are 
intended to provide preliminary information for future studies. 
All the milling reagents tested were found to be toxic to bluegill 
sunfish (Lepomis macrochirus). Sodium isopropyl xanthate (Aero-xanthate 
343) had a toxic effect and killed the experimental fish at a concentra-
tion of 5 milligrams per liter after approximately 38 hours of exposure. 
The mixed alcohols (Frother-71) showed a similar toxic effect at a con-
centration of 0,12 milligrams per liter. Since the mixed alcohols were 
water insoluble and possessed a specific gravity of about 0,85, the test 
alcohols floated on the surface of water rather than dissolving during 
the experiment. Therefore, the effective test reagent concentration 
would be smaller than the amount added at the start of the test. The 
isopropyl ethyldithiocarbamate (Z-200) was found to kill the experimental 
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Figure 37. Spectra of pure benzene and sodium isopropyl 
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Figure 38. Spectra of pure chloroform and sodium isopropyl 
xanthate (S.I.X.) saturated chloroform 
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Figure 39. Spectra of pure toluene and sodium isopropyl 
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Spectra of pure hexane and sodium isopropyl 
xanthate (s.r.x.) saturated hexane 
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Table XXIII. 
Results of Bioassay Studies of Organic Flotation Reagents 
=-==-=------
Control Sodium Isopropyl Isopropyl Ethyl- Mixed Alcohols 
Xanthate d.ithiocarba.mate ( 6-9 Carbons ) 
Cone. of 
-




% of Processing 
-
100% 2.5% 0.8% 
Dosage 
Number of Tested 
Fish 3 3 3 3 
Time of 
Survival Alive 31 hours 8 minutes 20 hours 
(Average) 
Remarks All fish in good Gills and Livers Gills and Livers Gills and Livers 
health were swollen and were swollen and were swollen and 
bleeding. bleeding, bleeding, 
The internal The internal The internal 
bleeding was bleeding was bleeding was 
also found on also found on also found on 
fish skin. fish skin, fish skin. 
The fish skin was 
a black color when 
killed, 
-----







Results of Bioassay Studies of Sodium Isopropyl Xanthate 
~ Control Sodium Isopropyl Xanthate J 
Cone, of 15 mg/1 0,10 mg/1 5 mg/1 1.5 mg/1 I - I Reagents 
% of Processing 
-
100% 66% 33% 10% 
Dosage 
Number of Tested 3 3 3 3 3 
Fish 
Time of Survival All 32 hours 36 hours 38 hours 39 hours for 
(Average) alive two fish. 
One remained 






of exposure. This immediate acute toxic effect was also believed to be 
due partly to its physical properties, because Z-200 is water insoluble 
with a specific gravity of 0.99 which makes the reagent disperse in test 
solution for a direct effect on the fish. However, Frother-71 and z-200 
should not cause problems in the natural environment since they are highly 
volatile compounds. 
B, Evaluation and Discussions 
1. Stream l>later Quality Analyses 
Significant seasonal variations in stream water characteristics 
are noticeable in most of the creeks in the "New Lead Belt" especially 
at Logan Creek and upper segments of Bee Fork Creek, The stream water 
consists mainly of spring water during the dry season. This spring water 
possesses a relatively high hardness and alkalinity content. Rainfall 
increases the stream flow during the wet season and provides a softer 
stream water with a lower alkalinity. 
The characteristics of the streams receiving mining wastewater 
have been affectOO. largely by the considerable amounts of mine water 
discharged. At Bee Fork Creek, the flow measurements indicate that 
mining and milling wastewater discharged from Fletcher Mine represents 
almost 85 percent of the stream water1 this results in an increase of 
hardness, alkalinity, turbidity and a significant amount of fluoride 
as well as a slight increase in the hydrogen ion concentration. 
Fluoride concentrations up to 1.88 milligrams per liter have been 
found in the subsurface water from Fletcher Mine. The fluoride is 
naturally reduced to a. safe level (57) before discharge into Bee Fork 
Creek, yet, it remains detectable, thereby serving as an indicator of 
mine water. The mined formations of the New Lead Belt are a part of the 
Bonne Terre Formation. A similar fluoride contamination up to 7 milli-
grams per liter has been found at Ul taw Formation in Alabama. (15, 58). 
The increase in concentration of calcium and magnesium hardness may 
be due to mine water as well as milling wastewater. However, a high cal-
cium concentration is favorable for balancing the over-all situation, 
since calcium has been reported to decrease the toxic effect of heavy 
metals (22 ) • 
It has been found that lead, zinc and copper precipitate rapidly 
in slightly basic (pH 7,4 - 8,2) water (17). The corresponding basic 
water condition (pH ?.8 - 8,3) of mine wastewater and spring water in 
the New Lead Belt would precipitate most of the remaining heavy metals 
into existing settling ponds or the first few miles of the stream bed. 
Conductivity measurement of the stream water in Bee Fork Creek shows 
decreasing readings along the stream (70), which may partly reflect 
the occurrence of heavy metal precipitation. The long term contamina-
tion of the stream bed by the precipitated heavy metals could result 
in a useless waterway even after the cessation of the mining operation, 
since the heavy metals could be redissolved by a slightly acidic stream 
water (31). However, heavy metal contamination of Bee Fork Creek is 
only measured as trace amounts (16ppb to 5. 8ppb) (14), therefore, the 
situation is not critical at the present time, 
2, Measurement of Sodium Isopropyl Xanthate 
Xanthates are highly variable depending on the substitution 
group:J attached. In general, xanthates are regarded as unstable and 
are quickly decomposed in solution (35, 60, 61). The temperature 
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and hydrogen ion concentration are directly associated with the rate 
of xanthate decomposition. From the experimental results sodium 
isopropyl xanthate undergoes rapid decomposition even under natural 
conditions. It is the author's belief that this was the major cause 
of interference in the measurement of sodium isopropyl xanthate, since 
the estimated detention time of the taili~ ponds at Fletcher Plant 
was supposed to be approximately 850 hours. However, since the retain-
ing dams of the tailings ponds have constantly been rebuilt, this 
information needs to be reinvestigated. 
2. Algal Studies 
Algal blooms and excess microorganism activities found in the 
New Lead Belt are a new aspect of mining pollution which is entirely 
different from any other mining waste problem reported. Previous works 
in this area have failed to find any significant amount of BOD, COD, 
phosphate and nitrogen, which are normally indicators of polluted water. 
Present biological characteristic studies of the organic flotation rea-
gents reveal little evidence that these reagents contribute to pollution. 
Isopropyl ethyldithiocarbamate (Z-200) and mixed alcohols (F.rother-
71) have been found toxic to bacteria as well as algae. Although no 
antibiotic effects were found for sodium isopropyl xanthate (Aero-
xanthate 343), there is a lack of sufficient information to relate it 
solely to the algal growth. The rapid decomposition of the compound 
eventually J.It"esents a more complex problem. It may either indicate 
that the algal pollution is only related to the decomposition end 
products of sodium isOJ.It"Opyl xanthate or, possibly, there is no rela-
tionship between the two at all. 
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It is possible that in searching for pollution sources in a body 
of water, laboratory studies alone could overlook many complex factors, 
For over-all considerations, field study can be more effective. Anderson 
(18) in his surface baffle study indicated that a monomolecular surface 
film could be the pollution source, therefore, this surface film should 
be studied intensively. The confirmation of the surface film as a. 
pollution stimulator could be the key to eliminating a.lgal growth prob-
lems and stream pollution, 
VI. CONCLUSIONS 
Based on the field observations and the experimental results the 
following conclusions were reacheds 
A, Stream Water Quality Analysis 
1. Seasonal variation of stream water characteristics occurs 
in Logan Creek and Bee Fork Creek. 
, 2. Mine water represents the major stream constituent of the 
small streams receiving mine wastewater. 
,/ 3. Fluoride concentration can be successfully used in detecting 
mine water in the New Lead Belt, 
.4, Milling wastewater and mine water contribute to increased 
calcium hardness. 
5. Hydrogen ion concentration of the stream water in the New Lead 
Belt is slightly basic, which helps in the precipitation of 
heavy metals. 
6. Rock flour will present a settling problem in stream beds 
receiving mining and milling wastewater. 
B, Biolog±cal Effects Study of Organic Flotation Reagents 
1, Isopropyl ethyldithiocarba.mate (Z-200) and mixed alcohols 
(Aero frother-71) are toxic to the bacteria and blue-green 
algae Qscillatoria present in mine tailings ponds. 
2. Sodium isopropyl xanthate (Aero xanthate 343) has no anti bio-
logical effects on bacteria or blue-green algae Oscillatoria. 
C, Bioassay Study Using Fish 
1. Isopropyl ethyldithiocarba.mate (Z-200), mixed alcohols 
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(Aero frother-71) and sodium isopropyl xanthate (Aero-
xanthate 34 3) are toxic to bluegill sunfish (Lepomis 
macrochirus , Rafinesque ) • 
D, Spectrophotometric Study of Sodium Isopropyl Xanthate 
1. Sodium isopropyl xanthate has its maxi.mwR absorbance at 303 
millimicrons in a water solution. 
2. SodiWil isopropyl xanthate (Aero-xanthate 343) deco•posed. 
rapidly in the natural environment, The decomposition rate 
increases as the temperature increases. 
98 
3. Benzene, toluene, chloroform and hexane are not good solvents 
for the extraction of sodium isopropyl xanthate. 
VII. RFX!OI•fiolENDATIONS FOR FUTURE STUDY 
This study was made as one specific :rart of an over-all research 
project for the "New Lead Belt" entitled, "Stream Pollution in the 
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'New Lead Belt' of Southeast Missouri ••. P.revious works made by Handler 
(17) and Tiboo (14) revealed that the major pollution problems at the 
:present time are the excess algal and microbial growth as well as 
objectionable reagent odors in the tailings ponds and streams receiving 
mining effluent. 
The results of this study indicate that laboratory studies alone 
were not able to determine the substances causing pollution problems, 
In an over-all investigation, field studies should be more effective, 
Additional studies are needed to determine the effects of the mono-
molecular surface film and how it ma.y be controlled, 
Finally, practical methods of analysis as well as odor and toxic 
effects of the flotation reagents must be studied in order to establish 
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Chemical Titrametric Determination of Xanthates 
1 Kekeddy and Makkay developed a mercurimetric determination for 
potassium ethylxanthate based on the rapid reaction between potassium 
+ i2 
ethylxanthate and Hg or Hg in a weakly acid or neutral media with 
solubility of the respective salts being 0,01 mole per liter, A 5 
milliliters solution of acetic acid buffer at pH 5.8, 35 milliliters 
of water, and a few drops of one percent ethamolic diphenylcarbazone 
were added to a sample containing 5 to 50 milligrams of potassium 
ethylxantha.te. This mixture was then titrated with 0,01 to 0,02 normal 
cercuric acetate to a pale-blue end point, The error reported was 
within 0,2 percent. 
Kekeddy2 also developed a complexometric determination of ethyl-
xanthates, Fifty milliliters of potassium ethylxanthate were acidified 
with hydrochloric acid to a pH of 3 to 4, then mixed with ten to 50 
milliliters of 0.01 Mole to 0,005 Mole of nickel chloride, After 10 
minutes, the solution was filtered through a filter paper, the paper 
was washed with cold water, and the nickel ions were titrated in the 
combined filtrates with 0,01 Mole to 0,005 Mole of EDTA at pH 9 to 10, 
with murexide as the indicator. For o. 02 to 2 grams of potassium 
ethylxanthate per liter~ the error was found to be within one percent, 
1. 
2. 
Keked.dy, L. and Ma.kkay, F., "Coulometric titration of Et.hylxanthate", 
stud, Univ, Babes~ Bolyia, Chuj, Chim,, 1962, 7(2), 105-109. 
(Chemical Abstracts Vol, 11, 54o4, 1964), 
Kekeddy, L, and Ma.kkay, F,, "Complexometric Determination of Et.hyl-
xanthates and of Carbon Disulfide", Stud, Univ. Ba.bes-Bolyia, 
Chuj, Chim., 1962, 7(1), 139-144. 
(Analytical Abstracts Vol. 11, 5404, 1964). 
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The amount of titrant in the indirect complexometric method did not 
seem to be affected by the decomposition of xanthate due to aerial 
oxidation and hydrolysis. 
1 2 
Carl and Kamenov both performed the potentiometric titration 
with aqueous silver nitrate. A mercury electrode was used in the test 
solution and a standard calomel electrode served as the reference, 
Xanthates fell in the potential range from -460 to -220 millivolts but 
potentiometrically active contamination such as sulfides were reached 
at potentials below -480 millivolts. others, especially thiosulfates, 
were titrated at potential levels above -220 millivolts up to 300 
millivolts. In practical titration, the quantity of silver nitrate 
between the stability and the tension range were from 480 to 200 milli-
volts, which was regarded as the existing quantity of xanthate. Carl 
experimented with sodium ethyl, sodium isopropyl, potassium methyl, 
potassium ethyl, potassium isopropyl, potassium butyl, potassium iso-
butyl, potassium amyl and potassium hexyl xanthate. Ka.menov studied 
potassium propyl, potassium butyl, potassium amyl and potassium hexyl 
xanthate. 
Zbigniew et al.3 by using the difference in the introduction period 
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in sewage simultaneously. The solution containing 0.02-0.055 milligrams 
sulfur from ethyl xanthate and 0.1-0.6 milligrams sulfur from carbon 
disulfide was treated with sodium azide at the rate of one gram per 100 
milliliters of the solution and 10 milliliters of 0.02 Normal of iodine. 
The temperature was 16° C and the pH value was 6.8. After the intro-
duction of iodine, the amount of reacted iodine was determined in 3 
minutes, which corresponded to the quantity of xanthate and the sum of 
xanthate and carbon disulfide, respectively. 
1 Karaivanov et al. suggested the titrametric-precipitation for 
determining ethyl xanthate. Sodium xanthate and potassium xanthate 
were cupric sulfate with 10 percent of potassium ferrocyanide as the 
indicator. To the sample containing sulfides, a sui table amount of 
0.5 Normal zinc sulfate was added before titration. The xanthate and 
cupric sulfate concentration may be 0.5-0,001 Mole, however the best 
results were obtained with 0.05 Normal solution. The presence of 
electrolytes such as sodium chloride and zinc sulfate facilitated the 
coagulation of the yellow cupric xanthate. The color changes from 
yellow to tile-red when the end point is reached. 
Gorokhovskaya2 reported on the use of oscillographic-polarograms 
for potassium ethyl xanthate and sodium diethyl-di thiocarba.mate in 
1. 
2. 
Karaivanov, St., Ma.gaeva, Sn. and Khekimova, A,, "Titrametric-
P:recipitation Method for Determining Ethylxanthate", Nauch, 
Tr. Vissh, Pedagag. Inst. ~ Plovdiv, Mat., Fiz., Khim., Biol. 
1967, 5(3), 99-102 (Bu1g.;. 
Gorokhovskaya 1[ I. and IG.imova, L. I., "Qscil1ograph1c Polarography t o II 
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Zh. Obshch, Khim. 1969, 39(1), 31~ (Russ.). 
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aqueous methanol-sulfuric acid and potassium hydroxide in aqueous ethanol. 
Under proper conditions these substances were determined quantitatively 
in mixtures. The determination of xanthate was not possible in alkaline 
solutions, yet qualitative identification was still possible. This was 
also possible in.carbon disulfide solution in the presence of ammonium 
buffer solution. The quantitative determination may be carried out in 
the concentration range of 10-J to 10-5 Mole dithiocarbamate. 
1 Bicousky and Bicovska based their work on the extraction of nickel 
xanthate with chloroform following the titration of nickel with mercuric 
acetate solution to controlling the technical xanthates in flotation 
process. They added 25 milliliters of nickel nitrate solution to a 
sample containing 30 to 50 milligrams of xanthate and mixed for one 
minute with 10 milliliters of chloroform. The chloroform layer was 
then transferred into 150 milliliters separation funnel, extracted with 
10 milliliters of chloroform, then combined with the chloroform layers 
and 15 milliliters of buffer solution added. The buffer solution was 
prepared with 50 grams of sodium acetate and 50 milliliters of glacial 
acetic acid per liter, and titrated in a separation funnel with 0.001 
Mole mercuric acetate. When the brown-yellow liquid turns pale then a 
one percent solution of diphenylcarba.zone in chloroform was added (8 
to 10 drops) and titrated to a red-violet end point. A mean error of 
0.8 percent was reported. 
1. Bicousky K. and Bicovska, P., ·~etermination of Xanthates and 
Sodium Dlethyldithiocarba.mate by Extraction", Coll. Crech. Chern. 
Corumew., 1959, 24(9). (German). 
(Analytical Abstracts,Vol. 7, 2786c, 1969). 
APPENDIX II. 
The Permissible Concentration of the 
Milling Flotation Reagents 
One of the interesting aspects of the present literature on 
flotation reagent pollution has been the emphasis on their contribu-
tion of odors along with their toxic effects on the animals life. 
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1 
Loshakova studied four different flotation reagents from a nonferrous-
metal ore mine and reported that their limiting concentrations with 
respect to aroma was 0,001 milligrams per liter for butylxanthate, 
0.05 milligrams per liter for toly dithiophosphate, 0,2 milligrams per 
liter for pine oil and 0.05 milligrams per liter for terpineol. A 
concentration of 0.01 milligrams per liter of butyl-xanthate showed 
the effect of after taste and a 10 milligrams per liter showed color, 
while the other reagents had no effect on the after taste and color 
of the water. The aroma intensity of the reagents was said to be 
additive, Voskoboinikova2 studied the flotation reagent IM-68 composed 
of the alcohols (hexyl, heptyl, and octyl) for a period of five months. 
A dose of 1,4 milligrams per kilograms was not found to be harmful to 
the livers of rabbits as determined by cholinesterase concentration, 
carbohydrate metabolism tests or blood protein concentration as shown 
by electrophoresis, The maximum permissible concentration of IM-68 
1. 
2. 
Loshakova, Y. T,, "Combined Action on the Organoleptic Properties of 
Water of Harmful Substances in the Drainage of Plants for the Bene-
ficiation of Nonferrous-metal Ores", Materialy Nauch, Konf. Sanit. 
Gigien, Fak,~ Kharkhow, Med, Inst. (Chemical Abstracts, Vol. 55, 
25104i, 1961). 
Voskoboinikova, v. B., "Maximum Permissible Concentration of the 
Flotation Reagent IM-68 and the Alcohols Contained in it (hexyl, 
heptyl and actyl) in Water Basins", Gigiena i Sanit. 31(3), 16-20 
(1966) (Russ,). (Chemical Abstracts, Vol. 65, 48lc, 1966). 
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(alcohols) was recommended to be 0.03 milligrams per liter based on the 
organoleptic effect. Hrebacka1 conducted toxicity tests on some of the 
flotation reagents based on the aliphatic, cyclic, and perpenic alcohols 
and caprolactam, The results indicated that only terpenic alcohols and 
caprolactarn were not harmful. The other agents varied from somewhat to 
completely toxic. Dillution of the waste water for the toxic agents 
was then recommended. 2 P.avlenko and Savelova established the odor 
threshold of flotations OFS-11 and OP5-B. They also observed the effects 
of these two reagents on the biochemical oxygen demand as well as the 
general sanitary conditions of bodies of water. Their maximum inactive 
doses for warm blooded animals and the permissible concentrations for 
toxicological work and for sanitation purposes were recommended. Loshakova3 
cited that the threshold concentrations in respect to tastes and smell 
for flotation reagents butyl xanthate and dicresyl dithiophosphate were 
0.01 grams per liter and 0.05 grams per liter respectively. An inactive 
dose in a hygienic-toxicological experiment was 0.1 milligrams per 
kilogram for butyl xanthate and 0.0025 milligrams per kilogram for 
cresyl di thiophosphate. He also suggested a o. 001 milligrams per 1i ter 
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(Chemical Abstracts, Vol. 66, 4915lb, 1967). 
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1 Kuklina established the inactive doses of the flotation reagents 
ANP and IM-11 in a sanitary-toxicological experiment. He concluded 
that the limiting index of harmfulness was their effect on the taste 
and the smell of the water. 
1. K kli M N "Characteristics of flotation Reagents ANP and u na ' • • ' t ti " Tr IM-11 in Connection with the Problem of Water Sani a on , • 
Leningrad. Sanit.-Gig. Med. Inst. 81, 79-83 (1965) (Russ.). 
(Chemical Abstracts, Vol. 66, 8849lg, 1967). 
112 
VITA 
Hong-wen Chen was born on November 29, 1943, in Hsinchu, Taiwan, 
China, where he received his primary and secondary education. After 
graduation from high school he attended the Taiwan Provincial College 
of Marine and Oceanic Technology, Keelong. He received a Bachelor of 
Engineering in River and Harbor Engineering. He served his military 
obligation as a second lieutenant in the Chinese Armed Corps of Engineers 
from July 1966 to July 1967. The author had been working for Taiwan 
Water Treatment Company until he came to The United States of America. 
He has been enrolled in the Graduate School of the University of 
Missouri - Rolla since January 1968. 
The author is a member of Chinese Engineers Association, Chinese 
Civil Engineers Association, American Water Works Association and 
Water Pollution Control Federation. 
